ABSTRACT S\~lmrnlng speeds of the late-stage, pelaglc larvae of coral-leef flshes were measured in situ near Llzard Island on Australia's Great Barrler Reef, and Ranglroa Atoll, Tuamotu Islands, French Polynes~a d u n n g 1995-96 Larvae were captured w~t h llght traps and crest nets, and released indiv~du-ally In open water They were then followed by SCUBA d~v e r s , normally for 10 mm, and their speed was measured w~t h a m o d~f~e d plankton-net flow meter and a stop watch Swlmmlng speeds of 260 lalvae of 50 specles In 15 famll~es of mostly perclform reef f~s h e s are presented Most measurements were for pomacentnds (8 genera 16 specles, 127 ~n d~v i d u a l s ) , apogonids (1 genus, -5 specles, 18 1nd1-vlduals), chaetodontids (3 genera. 8 specles, 49 ~ndlviduals), lethrlnlds (1 genus, -4 specles, 11 lndivlduals), nemipterlds ( l genus, 2 specles, 10 ~ndlvlduals), serranlds (2 genera, 2 specles, 14 md~vlduals) and acanthurlds (2 genera, -4 specles 13 ~n d~v l d u a l s )
INTRODUCTION
Llke most marine animals, the fishes of coral-reefs have a complex life history including a pelagic larval stage with great potential for dispersal, and a much more sedentary adult stage closely associated with the reef (Leis 1991) . It is thought that most dispersal takes place during the pelagic larval stage, and it is clear that the majority of mortality takes place between spawning and settlement (Sale 1991) . Information on the biology of the pelagic stage of reef fishes has been slow to accumulate, and most of what is available concerns taxonomy and distribution. An understanding of any aspect of behaviour during the pelagic stage has been especially difficult to obtain. Laboratory studies have been hindered by the difficulty of rearing reef fishes and the relatively large volumes of water that are required as the larvae grow and become more active. Field observations of the behaviour of pelagic reef-fish larvae are largely limited to anecdotal observations. Direct observation is made difficult by the very dispersed and dilute nature of larval distributions and the effective adaptations for camouflage in the pelagic environment possessed by the larvae (Leis et al. 1996) .
Knowledge of the sw~mming speed of the larvae and other presettlement stages of reef fishes during the pelagic stage is important for an understanding of the ecology and dispersal of this stage. For example, only if the swimming capabilities of the larvae are known can we begin to understand to what extent these small fishes have control of their distribution. It is widely acknowledged that such larvae cannot be regarded as passive particles, but how far along the planktonic to nektonic continuum they are located is unknown. Information on temperate species, much of it derived from laboratory studies, indicates that fish larvae are weak swimmers (Blaxter 1986 , Miller et al. 1988 ). However, Stobutzki & Bellwood (1994 have shown that late-stage coral-reef fish larvae in a laboratory swimming chamber (flume) are capable of high speeds and surprisingly large ambits. Furthermore, Leis et al. (1996) estimated some coral-reef fish larvae swam as fast as 30 cm S-' in the field. Our observations in situ, presented here, confirm that speeds as high as reported by Stobutzki & Bellwood also occur in the field where the larvae themselves choose the speeds at which they swim. This paper provides unique information on the in situ swimming speed of the late pelagic stages of reef fishes. This information was obtained by the use of a recently developed methodology for making behavioural observations on the pelagic stages of reef fishes in open water (Leis et al. 1996) .
Nomenclature of the pelagic stages of coral-reef fishes varies among authors. The fishes we studied were near the end of the pelagic stage and were just about to settle. Depending on the species and the author, these fishes might be considered larvae, postlarvae, prejuveniles, presettlement stages, or pelagic juveniles. The important point for our study is that they were still pelagic, and we refer to them all as larvae for convenience. For most species, this is consistent with the nomenclature of Leis & Trnski (1989) .
METHODS
The methods used here generally follow those of Leis et al. (1996) . Late-stage larvae of reef fishes were captured by light trap [in the Great Barrier Reef, Australia (GBR)] or by crest nets fixed in the flow from ocean to lagoon in a hoa [shallow reef-flat channel, in Rangiroa, Tuamotu Islands, French Polynesia (Poly)]. A single specimen, the ephippidid Platax pinnatus, was captured by hand in open water, where it seemed to be mimicking a flatworm. These methods provide individuals near the end of the pelagic period which are generally competent to settle (Doherty 1987 , Choat et al. 1993 , Dufour 1994 . For most species there is little variation in size at this stage. Most individuals have a full complement of fin rays, and many are scaled. We refer to them as larvae not because they are incompletely developed, but because in most taxa they retain specialisations for pelagic life, such as head spination or elongate, ornamented fin spines (Leis & Trnski 1989) .
The larvae, in a large container of sea water, were taken to open water by boat. They were then released one at a time by a team of SCUBA divers. One of the divers (the observer) concentrated on keeping the released larva in sight and followed it at a distance of 1 to 3 m, depending on the visibility of the fish. The other diver followed close behind the first and made observations on time elapsed, depth, swimming direction (using a compass) and distance travelled (using a calibrated, plankton-net flow meter in a hand-held bracket; Fig. 1 ). The bracket-mounted meter was calibrated by swimming it over a 20 m course at least 5 times in opposite directions at each of 25, 50 and 100 cm SS'. The mean calibration at these speeds differed from the most extreme by only 4 %, so the mean value was used.
Individual larvae were followed only once. With the information on distance travelled and time, speed could be calculated. Each released fish was normally followed for 10 min, so most of the speeds reported here are average speeds for 10 min periods. However, some were followed for as little as 2 min. Typically, a third person in a small (<5 m, 25 hp) support boat would circle the divers' bubbles at 20 to 30 m radius. However, on some occasions, the boat was anchored with the motor turned off. Meter was a calibrated General Oceanics Model 2030R with a low-speed rotor. Note underwater slate on top of bracket. Console was held by hand out in front of the second diver during in situ measurements of swimming speed Although the larvae were certainly aware of the presence of the divers, most species were amenable to this approach. By this, we mean they showed no apparent concern over the 2 divers, undertook no evasive manoeuvres, frequently fed, or examined potential food particles, and often attempted to shelter near the observer when potential predators appeared. Behavlour of late pelagic larvae was markedly different when they were actively pursued by divers for capture (e.g. for voucher specimens) or by predators. Finally, in other work, where we released larvae near reefs using the same methods and observed settlement behaviour. larvae swam slower over the reef than in open water and carefully examined potential settlement sites, sometimes settling, but sometimes rejecting them, and returned to the pelagic environment (unpubl. data). This indicates they were not trying to escape the divers. Larvae certainly did not increase speed with time in response to the following divers. This was taken as evidence that the fish were not stressed by the presence of the divers and the normal 'following procedure', and behaved naturally. We included data here only for fish that generally ignored the divers and swam in an apparently normal way. A few species frequently stopped, turned, faced the divers and hovered (e.g. tetraodontids), others would do little more than sink steeply to the bottom (e.g. Pomacentrus amboinensis), and some were very attracted to the divers and apparently tried to settle on them (e.g most blenniids and some holocentrids). For these taxa, only the few individuals that did not behave in this way were included in our study, but we note which taxa these were. In otherwise 'normal' species, some individuals would act in a decidedly nonnormal way, losing equilibrium as if damaged, or persisting in attempts to settle on the divers. Data from such individuals were excluded. A high proportion of individuals of the butterfly fish Chelmon rostratus swam on their sides, rather than in a more conventional orientation, for portions of the observation session. As these fish seemed otherwise normal a n d continued to swim strongly, w e included swimming speed data from them.
For some taxa, we had difficulty obtaining swimming speed measurements. Partly, this was due to rarity or absence of these taxa in our collections due to gear selectivity (e.g. ephippidids, labrids, scarids). However, behavioural differences among taxa and individuals were more of a problem. Consequently, we were able to present only limited data on some taxa.
Swimming speed observations were made in the vicinity of Lizard Island, northern GBR, in the lagoon of the GBR, and a t Poly. In most cases, water depth was 20 to 40 m, but some measurements were made in shallower water, and a few were made in the open ocean off Poly over depths of >300 m. Larvae were never followed deeper than 20 m. Most release points were in open water with no substrate in view. HOWever, some were within sight of a reef. Data from these near-reef releases were excluded if the fish swam over the reef or made a n effort to examine the bottom or settle. Lizard Island data were gathered in NovemberDecember 1995 and 1996 and January-February 1996. Water temperatures were 25.5 to 31.0°C during these periods (L. Vail pers. comm.). Poly data were gathered in June 1996. Water temperatures in the hoa are close to those in the ocean and were 24 to 28°C during this time (A. Lo-Yat pers. comm.).
Most larvae were identifiable in the field. Others were identified from larvae recaptured at the end of the observation period. In some cases, specimens of uncertain identity could not be captured at the end of the observation, or if captured could not be identified to species with confidence. These are indicated with a '1'. Where we use spp., we are uncertain of specles identification, but are reasonably certain more than 1 species is involved. In some cases, some of the individuals could be identified, or the possibilities limited to a few species. These include the following: Apogon spp.-'unstriped' spp such a s fragilis and coccineus of similar larval morphology a n d size: called Apogon 'blackhead' by Leis e t al. (1996) (Markle & Olney 1990) . Therefore, our carapidid larva was identified as Carapini.
Speed is expressed in cm S-' or in body lengths S-' (BL S-'). A 'family average' is the average of the mean speeds of each of the included species. Size of larvae is standard length (SL) a n d is based on measured voucher specimens whenever possible. However, in some cases, it is based on other specimens captured with the same methods, or in a few cases on information in the literature. Sizes are means in cm. The regression of speed on body length utilised the average size and the average speed of each taxon, and the figure shows 1 point, based on these data, for each taxon, regardless of number of individuals measured for each.
Data from the 2 study sites (GBR a n d Poly) are kept separate even if the same species is involved due to differences in environments and capture methods employed at each site. For readability, the same species from 2 different sites is referred to as 2 taxa rather than 1.
RESULTS
Most species swam at remarkably high mean speeds, the average of which was 20.6 cm S-' (Table 1) . The fastest species (Myripristjs sp.) swam at 65.5 cm S-', but this is based on only 1 individual. The fastest species for which we have replicate measurements was the acanthurid Acanthurus triostegus at 55.7 cm S-'. Mean speeds of more than half the specles were in excess of 20 cm S-' (Fig. 2) , and 3 were greater than 40 cm S-'. Twenty-one species (39%) swam at 10 to 19.9 cm S-', and 20 (37 %) at 20 to 29.9 cm S-' (Fig. 2 ). There was a marked taxonomic component to this (Table 2 ). Ephippidids were the slowest swimmers (4.9 cm S-') although this is based on only 1 specimen of 1 species. Otherwise, apogonids were the slowest swimmers, with a family average of only 6.3 cm S-', followed by nemipterids at 10.5 cm S-'. Family average speeds of the remaining 12 farmlies exceeded 17 cm S-', and they exceeded 25 cm S-' in 5 of these (acanthurids, blenniids, holocentrids, lutjanids, and microdesmids). Within families, large differences in swimming speed were common among species, with the pomacentrids, apogonids and chaetodontids the most obvious examples (Table 1) .
The mean speeds of the 20 taxa (mostly species) for which we had measurements on 5 or more individuals fell into 4 broad groups based on speed (Fig. 3) . The 2 Apogon species were the slowest at about 5 cm S-'. Three pomacentrids (Abudefduf septemfasciatus, Dischistodus spp. and Chrysiptera rollandi) and the nemipterid Scolopsis spp. swam at about 9 to 11 cm ss'. A large group including all 5 chaetodontids of 2 genera 0 -10.0-2 0 -3 0 -4 0 -5 0 -60-9.9 19.9 29.9 39.9 49.9 59.9 69.9
Speed (cm S-')
Frequency distribution of mean swimming speed of 54 taxa (see Table 1 ) of late-stage larvae of coral-reef fishes (Chaetodon and Chelmon), the Lethrinus spp., 6 pomacentrids of 5 genera (Chromis, Chrysjptera, Dascyllus, Neopomacentrus and Pomacentrus) and the serranid Diploprion bifasciatum swam at 15 to 24 cm S-'. The acanthurid A c a n t h u r~~s triostegus was the fastest by far at 56 cm ss1. Speed of the fastest individual is perhaps the best estimate of the swimming potential of a species (Table 1) . For the 36 species in which n > 1, the average difference between the mean speed and the fastest individual was 7.4 cm S-' (range 0.2 to 22.8 cm S-'). On average, the fastest individual, of a species swam 44 % faster (range 4 to 92%) than the mean speed for that species. In the 2 fastest species (Myripristis sp. and Acanthmus triostegus), the fastest individual swam at 65 cm S-', which is a slight underestimate, as these 2 fishes slowly pulled away from the divers because they could not keep pace.
If speed 1s expressed as BL S-', the performance of some smaller species is emphasised (Table 1) . By this measure of mean speed, the 2 fastest species were a small (0.7 cm) pomacentrid, Chromis atripectoralis (33.8 BL S-'), and a small (1.0 cm) blenniid, Stanulus seychellensis (26.4 BL S-'), but 3 other pomacentrid species and a chaetodontid (0.8 to 1.4 cm SL) swam at 24 BL S-' or faster. Most species (31) swam at 10 to 20 BL S-', and 7 swam at >20 BL S-' (Fig. 4) . The fastest family average was for the Blenniidae at 26.4 BL S-', but this was based on only 1 individual of 1 species. Otherwise, the fastest families were pomacanthids, pomacentrids, holocentrids, chaetodontids and acanthurids, all at >12.7 BL S-' ( Table 2 ). The slowest families were carapidids, ephippidids and apogonids, all at 4 . 8 BL S-': all others were faster than 10 BL ss1 (Table 2 ). So, irrespective of which units are used to quantify swimming speed, the ephippidids and apogonids were among the slowest families.
Although the difference in swimming speed between the fastest and slowest individual of a species was frequently large (Table l ) , overall, the variation in speed around the average was not large. The 20 species for which we had measurements on 5 or more individuals had an average mean speed of 18.7 cm S-' (Table 1, Fig. 3 ). For these species, the SE of mean speed was 0.8 to 5.3 cm S-', which is 4.1 to 25 % of the mean speed. In 9 species. SE was ~1 0 % mean speed, and in only 4 was it >20 %. Thus, while there is obvious potential for high variation in swimming speed, it was realised in only a few species.
If all species were pooled, there was not a significant relationship between speed and size (speed = 1.13 size + 18.36, R2 = 0.06, p = 0.10). However, if we discounted the very long (19.4 cm), worm-like larva of the carapidtd, which had an angullliform style of swimming shared by no other species we studied, the relationship became sig- Included in the above analyses are data from 6 species which usually did not swim in a 'normal' way (marked with ' in Table 1 ). For each of these species, 1 or 2 individuals did swim without abnormal behaviour in the presence of divers, and it is these few individuals that provided the included data. The average speed of these 6 species was 20.8 cm S-' (11.3 BL S-') compared with a mean of 20.6 cm S-' (13.7 BL S-') for all 50 taxa. Therefore, there is no reason to suspect that the speeds of the amenable individuals of the 6 species that were not usually J amenable to our approach were anynificant with R2 = 0.43 (Fig. 5 ) . If attention was confined to the size range over which we had good coverage (i.e. 0.8 to 3.1 cm SL), the relationship was still significant, and with similar slope (speed = 10.2 size + 4.5, p + 0.01), thing other than representative.
DISCUSSION

but R2 decreased to 0.35. This reflects the variability in
When making behavioural observations such as speed at size, particularly among the smaller ( c 2 cm SL) those reported here, it is possible that the presence of species. Only 2 families-Pomacentridae and Chaetothe observer leads to bias or unnatural behaviour. In dontidae-had enough species represented to justify inthe present study, all indications were that this was not dependent analysis. In neither was the relationship bea serious problem for most species (see 'Methods'), and twken speed and size significant (R2 = 0.14 and b.01, although the swimming speed data are clearly colrespectively, both p > 0.10). However, any relationship lected under more natural conditions than those that might exist would be very difficult to detect because obtainable in the laboratory, the degree of bias cannot 1 Acanthuridae; 2-3 Apogonidae; 4-8 Chaetodontidae; 9 Lethrinidae; 10 Nemipteridae; 11 -1 9 Pomacentridae; 20 Serranidae Speed (BL S-') Fig. 4 . Frequency distribution of mean swimming speed of 54 taxa of late-stage larvae of coral-reef fishes. Same taxa as Fig. 2 be determined rigorously in the pelagic environment with such small animals. Technological advances (e.g. Jaffe et al. 1995) should soon enable in situ swimming speeds of individual fish larvae to be determined without the immediate presence of an observer. Until then, observations on carefully chosen species by divers, such as those presented here, are the best, and seemingly a valid, measure of the swimming abilities of coral-reef fish larvae. The j n situ speeds reported here are remarkably high for such small fishes. The faster larvae can match the maximum sustained speeds of fully equipped SCUBA divers, and in a few cases, the larvae slowly pulled away from the divers in spite of the latter's best efforts. The speeds of the larvae are even more impressive when viewed as BL S-'. Our observations of swimming speed took place over 10 min periods, and although we cannot be sure that these speeds can be maintained over longer periods, the laboratory studies of Stobutzki & Bellwood (1994 show that late larvae of coral-reef fishes can maintain speeds of 13.5 cm S-' for days a t a time. Thus, we are confident the speeds we report here are representative of cruising, rather than burst, performance.
Most species that w e studied are capable of swimming at speeds far in excess of cruising speeds reported for larvae of temperate fishes in the laboratory. Blaxter (1986, p. 104 ) reviewed cruising speed data on fish larvae of similar size to those we studied, and concluded that 'speeds of about 1 BL S-' are found for larvae moving freely in tanks or during rearing experiments and speeds of 3 BL S-* or more when larvae are subjected to currents in a flume'. However, he noted that 2 species had better performance: largemouth bass and chub mackerel larvae swam at about 4 to 5 BL S-', and he wondered why these 2 'perform so well' [Meng (1993) obtained similar values for striped bass]. The average coral-reef fish species in our experiments swam a t 13.8 BL S-', and some were nearly twice this fast. Only the slowest coral-reef species swam at the 4 to 5 BL S-' that Blaxter found surprisingly high. Further, cruising speeds of reef-fish larvae are a s fast a s burst (or, escape) speeds of temperate larvae (Williams et al. 1996) . In part, this is a result of developmental differences-most larvae of coral-reef fishes have fully developed fins at a smaller size than temperate taxa, even though they retain the specialisa-2.5 3.5 4.5 5.5
Standard Length (cm) tions for pelagic life (e.g long, ornamented fin spines, and extensive spination on the head) that lead to them being regarded as larvae (Leis & Trnski 1989) . However, there is also a strong phylogenetic component to this. Like most coral-reef fishes, nearly all the taxa studied here are members of the suborder Percoidei of the order Perciformes (Choat & Bellwood 1991) , whereas most of the taxa reviewed by Blaxter (1986) from temperate waters are of the orders Clupeiformes (e.g. herring), Gadiformes (e.g. cod) or Pleuronectiformes (e.g. plaice). It is worth noting that the bass and mackerel that impressed Blaxter are also perciform fishes, so larvae of perciform fishes may be superior swimmers. However, Miller et al. (1988) obtained results similar to Blaxter's (about 1 BL S-' cruising speed, about 7 BL S-' burst speed) in a review of 72 species, 22 of which were Perciformes. Another factor may be that many laboratory-based studies use laboratory-reared larvae, which may not have the vigour of wild conspecifics (Duthie 1987 , Cobb et al. 1989 ). Swimming may be more efficient at tropical temperatures (24 to 31°C) than at those found in temperate seas (<15"C; Wardle 1975) . Finally, it might be that larvae of coral-reef fishes are better swimmers because swimming performance is more favoured in coral-reef systems. The selective pressures on a pelagic stage that must leave open water to find a small reef target in a large, tropical ocean are undoubtedly very different than those on a pelagic larval stage that either remains pelagic (e.g. anchovy) or has a proportionally larger target at settlement (e.g. cod). In contrast to temperate fish larvae, larvae of some temperate invertebrates swim at speeds in the same range as those we observed for larvae of coral-reef fishes. Shanks (1995) reports speeds of 9.5 to 46 cm S-' for larvae of a variety of crabs and lobsters. It is not clear why swimming performance of larvae of temperate invertebrates and fishes should differ. The speeds reported here are by no means maximum speed for these small pelagic fishes. During our speed measurement sessions, we frequently observed the larvae examining food particles and feeding, thus slowing their average cruising speed. In addition, they often did not swim in a straight hne at small scales, rather they manoeuvred around clumps of marine snow, salps or jellies, also resulting in a somewhat underestimated speed as measured by our methods. Some individuals engaged in stop-and-go behaviour, often for no apparent reason, but frequently due to the presence of potential predators. Also, much higher speeds were observed when we attempted to recapture a fish at the end of the observation period, although these might be considered burst, rather than sustained, speeds. Further, for the late larvae of 3 pomacentnd species, the maximum speed (the socalled 'critical speed') that could be maintained for 5 min in a forced swimming situation in a laboratory flume (Stobutzki & Bellwood 1994 ) was 3 to 5 times greater than our in situ speed measurements on the same taxa (although within the range we found for other taxa). Interestingly, Blaxter (1986) noted a similar (3-fold) difference between flume-based and 'unforced' speeds. Therefore, the speeds at which the larvae choose to swim in situ are less than the maximum of which they are capable, but apparently represent what the larvae are really doing in the field.
In the Lizard Island Region of the GBR Lagoon, ambient average current speeds are 10 to 15 cm S-' (Frith et al. 1986 , Leis 1986 ). Current speeds near Poly are unknown. Therefore, nearly all the species for which we have measurements are capable of speeds faster than the average ambient flow and have the potential for considerable control over their position and distribution (i.e, they are effective swimmers). For example, dispersal models could hardly regard these larvae as passive. It is important to remember, however, that the speed measurements reported here are for 1 to 5 cm long larvae, near the end of their pelagic period.
Although we found an overall positive relationship between size of larvae at the end of the pelagic stage and swimming speed, the relationship was not very strong. Further, it was not significant within the 2 families for which we had the most data. Therefore, the relationship is of limited use for predictive purposes. It is important to emphasise that we did not compare speed to size at different developmental stages. This means, for example, it would be inappropriate to use the relationship reported here to predict the swimming speed of different developmental stages (usually of different sizes) within or among taxa.
The size range (or developmental stages) and time period over which larvae are effective swimmers capable of controlling position and distribution remains unknown, but there are certainly ontogenetic changes in swimming ability. At hatching, larvae are not very strong swimmers, while at the end of the pelagic stage, they are. Our preliminary data on in sit11 swimming abilities of larvae mid-way through development can help determine when 'effective swimming' begins. In 5 smaller (0.6 to 0.8 cm SL), less developed pomacentrid larvae (probably genus Pomacentrus) the average speed was 4.6 cm S-' (range 2.5 to 6.8), or 6.1 BL S-' (unpubl. data) . This is about 25 to 50% mean speed of settlement stage Pomacentrus larvae and indicates that larvae about mid-way through the pelagic penod are reasonably strong swimmers, although they are not yet effective swimmers capable of speeds greater than average ambient currents. Stobutzki & Bellwood (1994) showed that in 3 pomacentrid species swim-ming speed of settlement-stage individuals was greater than of recently settled juveniles, indicating that rapid ontogenetic changes in s\vimming ability may coincide with ecological transitions.
A few general statements about swimming performance are possible. Overall, swimming speeds are only moderately variable in terms of SE among individuals of the same species. This is perhaps surprising given the potential speeds demonstrated by the fastest individual of each species. So far, swimming speeds for relatively few species are known but even at this early stage, large differences among species in swimming perforn~ance are evident, and families appear to differ in the amount of variation present in their included taxa. The differences in speed among taxa may relate to the dispersal strategy of the species involved, but not enough is known to try to relate the two. All our measurements of swimming speed were made during daylight. It is not known how swimming speeds might differ at night.
How representative are the taxa we studied? All GBR species were captured by a light trap, a highly selective aggregation device that requires the fish to swim to, and actively enter, a chamber (Choat et al. 1993) . It might be, therefore, that the light trap selects species or individuals that are superior swimmers compared to taxa or individuals that do not enter the trap. If this were true, taxa captured by other methods might swim more slowly. The average speed of the 38 taxa captured by light trap was 17.5 cm SS', whereas the average speed of the 15 taxa captured by the presumably less selective hoa (crest) net was 29.3 cm S-'. Therefore, the taxa captured by light trap were certainly not faster, but this comparison is confounded by differences in location, and few species were common to both samples. The best that can be said at present is there is no support for the notion that 'light-trap taxa' are better swimmers. It is premature to generalise to other taxa we did not study, but given the wide range of species, genera and families we did examine, it appears that good swimming performance is widespread among larvae of coral-reef fishes.
From the speed data presented here, late larvae of coral-reef fishes have the potential to cover reasonably large distances in short periods (e.g. at 30 cm S-', a larva covers 180 m during a 10 min 'swimming session', or, about 1 km h-') and at speeds in excess of ambient current speeds. Therefore, if they have the ability to detect a reef and orientate their swimming toward it, they clearly have the swimming ability to reach the reef from distances up to several km in several hours. Stobutzki & Bellwood (1997) have shown that some of these small fishes have the stamina to swim, non-stop, for a number of days. All larvae tested by Stobutzki & Bellwood (1997) were forced to swim in the laboratory at 13.5 cm S-', a speed slower than we observed in situ for many species. Therefore, it is possible that even greater estimates of stamina would be obtained at other speeds if it is assumed that larvae in situ select the optimal speed at which to swim. In any case, most or all of the GBR shelf (depending on location) would be within range of the late larvae of most of the species we tested. Similarly, off oceanic islands, larvae up to 20 km from shore could reach the island with less than 24 h, if the fish swam in the right direction. Evidence for detection and orientation is as yet limited (Leis et al. 1996) and applies only over 1 to 2 km, but it does suggest that settlement-stage larvae of reef fishes have the potential to have considerable control over which reef they settle upon, even if they are a substantial distance from it. It is important, nonetheless, to keep in mind that the substantial swimming performance we have documented could either be used to keep larvae near a natal reef, or to increase their dispersal from it. Good swimming performance is a necessary component of active self-recruitment, but is not sufficient.
More measurements of swimming speeds of a wider variety of species and developmental stages are needed to gain a satisfactory appreciation of the swimming capabilities of larvae of coral-reef fishes. However, these first measurements of swimming speed in s~t u reveal that reef-flsh larvae are surprisingly strong swimmers with the capability to cover impressively large distances quickly. This capability must be taken into account in any attempt to understand or model dispersal during the pelagic stage.
